A bstract. The site of inhibition in UV-irradiated and heat-treated chloroplasts was examined by using artificial electron donor compounds such as p-phenylenediamine and hydroquinone which donated electrons specifically to photosystem II. In both cases the electron donors restored the photoreduction of nicotinamide adenine dinucleotide phosphate and the restored activity was inhibited by 3-(3,4-dichlorophenyl)-1,1-dimethyl urea. The fluorescence of variable yield was eliminated by both inhibitory treatments and was partially restored by the electron donors in the heat-treated but not the UV-irradiated chloroplasts. The results suggest that the sites of inhibition of UV-radiation and heat treatment are in the photosynthetic electron transport chain between water and photosystem IX.
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The mechanism of UV-inhibition of photosynthesis and chloroplast reactions has been the subject of a number of investigations. Bishop (1) showed that UV-radiation destroyed plastoquinone in chloroplasts and found a correlation betweein the degree of inhibition of the Hill reaction an,d the extent of destruction of plastoquinone. Shavit and Avron (2), however, were unable to demonstrate a specific restoration of activity in UV-irradiated chloroplasts by adding pure plastoquinone and concluded that the UV-radiation inactivated other components as well as plastoquinone. Jones and Kok (3) localized the UV-inhibition to a PS21 reaction by showing that the photoreduction of NADP with DCPIP and ascorbate as the electron donor was not inhibited by a UV-treatment which completely inhibited the water-NADP Hill reaction. They found no specific evidence to implicate plastoquinone as the site of inhibition but suggested that the reaction centers of PS2 were inactivated. The purpose of the work reported here was to explore the site of UV-inhibition by using artificial electron donor compounds which donate electrons to the photosynthetic electron transport chain on the oxidizing side of PS2.
Our work (4. We have more recently examined a numnber of potential electron donor compounds with tris-washed chloroplasts and have found a number of compounds which can donate electrons to PS2 but are blocked by DCMU. Some, such as HQ, restored a higher rate of NADP photoreduction and showed a greater inhibition by DCMU than did PD. These electron donor systems which are specific for PS2 are useful in examining electron transport reactions in the vicinity of PS2. In the present paper we report that NADP photoreduction can be restored to UVirradiated chloroplasts by adding HQ and ascorbate as an electron donor system and that the restored activity is almost completely inhibited by DCMU.
We also show the same restoration and DCMU sensitivity with heat-treated spinach chloroplasts.
Katoh and San Pietro (6, 7) previously demonstrated that NADP photoreduction in heat-treated Euqlena chloroplasts could be restored with ascorbate acting as an electron donor and that the restored activity was inhibited by DCMU.
Experimental Procedures
Chloroplasts were prepared by grinding 50 The participation of PS2 in the HQ-supported photoreduction was also indicated by a rather qualitative test for the "red drop phenomenon". Figure   3B indicates the relative effectiveness of the red and far-red actinic illumination for the photoredtiction of NADP in a classical PS1 reaction where DCPIP was the electron donor in the presence of DCMU. By comparison, the relative ineffectiveness of far-red light in the photoreduction when HQ was the electron donor ( fig 3A) suggests the participation of PS2 in that photoreaction.
With tris-washed chloroplacts fluorescence measurements gave evidence that the site of donation was before PS2. The large increase of fluorescence yield that occurs when normal chloroplasts are illuminated has been related to the photoreduction of Q (8), the hypothetical primary electron acceptor of PS2. Q quenches fluorescence but QH does not. The fluorescence yield of the tris-washed chloroplasts was the same as normal chloroplasts in the dark (i.e. in weak measuring light) but showed very little increase on irradiation. Addition of the electron donor system. however, restored the fluorescence of variable yield, presumably by restoring the source of electrons for the photoreduction of Q by PS2. The fluorescence of heat-treated chloroplasts ( fig  4A) behaved much the same as that of the triswashed chloroplasts. The heat treatment virtually eliminated the fluorescence of variable yield but an appreciable light-induced fluorescence-yield increase was restored when PD or HQ was added as an electron donor for PS2. The fluorescence of variable yield was also eliminated by the UV treatment as Kok et al. (9) noted previously but in this case ( fig 4B) the electron donor did not restore the fluorescence yield changes. It was also noteworthy that DCMU had no effect on the fluorescence yield in the light either in the presence or absence of an electron donor. The UV-irradiation appears to impair the fluorescence of variable yield to a greater extent than the other inhibitory treatments. It was possible to obtain a high fluorescence yield (under weak measuring light) with the UV-irradiated chloroplasts by placing them in a low potential environment under strict anaerobic conditions. The fluorescence yield at low potential (Eh <-320 mv) was 6 to 7 times greater than that at high (Eh >0 mv) and the titration curve at intermediate potentials showed the same 2 components found by Cramer and Butler (manuscript in preparation) in fluorescence titration curves with normal chloroplasts. Under aerobic conditions, however, addition of dithionite to UV-irradiated chloroplasts gives a rather small increase of fluorescence yield whereas the same treatment with normal chloroplasts gives a large increase of yield, even greater than the maximum yield obtained with DCMU.
Discussion
The site of inhibition in UV-irradiated and heattreated chloroplasts appears to be between water and PS2 as it was with tris-washed chloroplasts. Plastoquinone is probablv not the primary site of UVinhibition, even though it is destroyed by UV-radiation (1), because it functions after PS2 (10).
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